This paper applies three different methods widely used in the literature to track changes in shadow economic activity in Georgia following a drastic tax reform in 2005. The first method is a currency demand approach based on macro level data. The second and third methods rely on micro data from household surveys. Overall, we find evidence that the amount of income underreporting decreased in the years following the reform. The biggest change is observed for households headed by a farmer, followed by "other" types of households where the head does not report any working status. Employed and self-employed households appear very similar before the tax reform and show minimal adjustment in income reporting in the post-reform period. Results, however, suggest that much of any difference may have come from increased enforcement efforts rather than rate changes.
Introduction
The shadow economy (also black, hidden, underground economy), which includes all marketbased legal production of goods and services that are deliberately concealed from public authorities, 1 is a widespread phenomenon in many countries including the Transition Economies (TEs) that underwent a transformation from state-planned to market economies in recent decades.
One might expect that these countries, with developing markets, poor institutional frameworks, lack of rule of law, widespread corruption and other problems, would develop large shadow economies.
Indeed, recent evidence suggests that the TEs are characterized by high levels of shadow economic activity (Schneider et al. 2010) . The average TE ranked 92nd out of 151 economies studied with an average of 37% of economic activity unreported. Among TEs, there are countries that are the most highly under-reporting economies in the world. According to Schneider, the size of shadow economic activity in Georgia for the period 1999-2007 was the highest in the sample.
Estimates (based on the dynamic multiple indicator/multiple cause method) suggest that Georgia's shadow economic activity in the period under consideration amounted to an average of as much as 68.8% of the official GDP. Azerbaijan came close at number 149 with 63.3% unreported, while
Armenia did slightly better, ranking 131st with 48.7% of economic activity unreported.
Among other factors, tax avoidance is thought to be one of the main determinants of the level of unreported economic activity. Past theoretical work, however, has produced ambiguous conclusions regarding the impact of tax rates and their structure on incentives to hide economic activity. Allingham and Sandmo (1972) and Yitzhaki (1974) assert that a reduction in tax rates may alter penalties for noncompliance and, therefore, cost/benefit calculations such that workers might even conceal a greater share of income. Similar results have been found for tax rates by Pencavel (1979) and tax progressivity by Koskela (1983) . Adding decreasing absolute and non-increasing relative risk aversion to such a model, however, implies that increases in either tax rates or progressivity will cause growth in the shadow economy (Trandel and Snow, 1998) . Other works showing a positive theoretical relationship between taxes and shadow economic activity include Kesslman (1989) , Cowell (1985) and Watson (1985) . 4
Facts about the Georgian Tax Reform
Taxation was a major problem for Georgia before 2003. Enforcement of tax collection was difficult due to the lack of a well-functioning enforcement agency, widespread low compliance by tax payers, and other serious problems. After the Rose Revolution, the government committed itself to deeply reforming the tax system, hoping to reduce the instances of both of tax and administrative abuse. After a year of discussion and debate, the number of taxes and their rates were reduced to the lowest levels in the region at the end of 2004.
As the result of the reform the number of taxes was reduced from over twenty to seven (six after 2008). All fiscally ineffective taxes were eliminated, and the taxes that were the main sources of corruption were abolished. The taxes remaining after the reform were those that had the most positive fiscal effects and were the easiest to calculate and pay. The combined effect of the changes in the tax regulation was associated with a 450% increase in tax revenues by 2008 during a period when the GDP only doubled. Property tax* <1% <1% <1% <1% <1% <1%
Source: Ministry of Finance of Georgia * Property tax is a local tax and its rates vary from location to location, but cannot exceed 1% of the value of the taxed property. Rates do not account for various exemptions.
From Table 1 it is clear that the most profound change in rates happened to personal income and social insurance taxes. Before the tax reform Georgia had a progressive income tax 2 Authors' calculations based on macroeconomic data from the National Bank of Georgia.
5 with marginal tax rates ranging from 12% to 20%. Certain categories of individuals and income sources were exempt from individual taxes under the pre-reform regime.
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In 2005 the country switched to a flat income tax at a rate of 12%. Privileges and special rates were done away with and the new tax code applied the same rate to all business activities. In addition to changes in the tax code, the government also strengthened tax collection activities by actively re-organizing tax administration, including the inspectorates at central and regional levels.
Corruption among tax collectors was addressed through increased salary coupled with severe penalties including discharge for those found to be engaged in corruption. In addition, increasing public awareness on the taxpayers' rights and obligations also helped to curb bribery and tax evasion. For a discussion of these reforms, see Would Bank (2012).
The substantial of the tax reform might be expected to have had a substantial effect on the behavior of economic agents. We use a number of alternative methods to investigate whether such a change can be observed. These include methods based on macroeconomic data, such as the demand for currency, and micro-level observations of expenditure on food and the gap between income and consumption. Our analysis of macro data uses as many observations as possible to have a sufficiently lengthy time-series. Hence we look at the time span from 2000 (the earliest data was reported on a quarterly bases) to the last quarter of 2010, well after the reform took effect.
When it comes to analysis of micro-level data, since we rely on a large cross-section of observations on Georgian households, we limit our time span to [2003] [2004] [2005] [2006] [2007] occurrence in previous work, 2) desire to include both macro-data based methods as well as those relying on micro-level data, 3) data availability.
One of the most commonly used methods using aggregate (macro level) data is based on currency demand. This approach was first used by Cagan (1958) , who calculated the correlation between currency demand and tax pressure (as one cause of the shadow economy) for the United
States over the period 1919 to 1955. Cagan's approach was further developed by Tanzi (1983) , who estimated a currency demand function for the United States for the period 1929 to 1980 in order to calculate the scale of shadow economy. This approach assumes that shadow transactions are undertaken through cash payments so as to reduce observable traces. An increase in the size of the shadow economy will, therefore, increase the demand for currency. An equation for currency demand is estimated over time, controlling for possible confounding factors such as income, payment habits, interest rates, as well as the tax burden and government regulation which are responsible for shadow economic activity and the part of demand for currency stemming from it. To isolate the "excess" or "shadow" demand for currency, this last set of variables is set to zero to estimate the demand for currency from the official economy. The residual money demand is then attributed to the shadow economy. From this excess demand one can compute the size of the shadow economy either by assuming that the velocity of shadow money is the same as in the official sector, or by estimating money velocity for the shadow sector based on data (Ahumada et. al, 2006 ).
Micro-data based approaches to gauging the size of shadow economic activity rely on measuring income underreporting among households. Pissarides and Weber (1989) (Lysiotou, Pashardes, and Stengos, 2004) , and non-parametric specification (Tedds, 2006) .
As an alternative micro-data based method, Gorodnichenko et.al (2009) estimate the gap between household expenditures and reported income and use it as a proxy for tax evasion.
To date all such methods have relied on possibly unjustified assumption that a group of households that do not underreport income can be identified a priori. As discussed above, such an assumption, if not warranted, implies that the level of underreporting may be understated but the directional effect of policy changes can still be inferred.
Methods
In the discussion below we proceed from what we regard as the least robust in terms of underlying assumptions to the most robust method. For each method we discuss the underlying theoretical framework and main assumptions it relies on. We also discuss in detail the advantages and disadvantages of each method.
Method A: Currency Demand Approach
This method builds on the total demand for currency, modeled as follows:
where C T is observed cash balances or total currency and C T = C 0 + C S (C 0 is currency used in the official economy and C S is shadow or excess currency), θ denotes incentives to engage in shadow 1 and the total GDP will be identical to official GDP. Hence, the currency demand that should be observed in an economy with no incentives to engage in shadow economic activities is expressed as:
The difference between the total (observed) demand for currency and the official demand from equation (2) gives the level of excess (or shadow) currency. By multiplying the excess currency C S by money velocity in the shadow sector 4 one can compute the output in the shadow sector as a percentage of observed output:
As the motivation to engage in the shadow economic activity changes over time ሺߠ varies), the level of shadow GDP will also change as predicted by equations (1) to (3).By estimating ߓ ௌ for different time periods one can observe how shadow economic activity varies over time.
Method B: Engel Curve Estimation
Our second approach is based on micro level data and follows the original paper by Pissarides and Weber (1989) Suppose the food expenditure equation is given by:
where F is food expenditure by households (indexed by i), Y P is permanent income and X contains household characteristics. This equation cannot be estimated since the level of permanent income is not observed. Firstly, a household's current income differs from permanent income:
where ‫‬ is a random variable. Secondly, some households underreport their income such that:
, where Y i ' is the reported income and ݇ is a random variable that is equal to or greater than one. Given this structure, the relationship between permanent and reported income is:
Assuming that ‫‬ is log-normal and ݇ is shifted log-normal with support on the interval [1;∞], one can write:
where µ It is assumed that the mean of p ୧ is the same across the groups, but its variation is higher for the group of under-reporters.
Inserting (5)-(7) into the food expenditure equation (4) we get:
If we denote ߟ ൌ െβሾu ୧ െ ν ୧ ሿ ε ୧ and use a dummy variable UR=1 for underreporting households we can rewrite this equation as:
where
ሿ൰
In equation (9) there are several issues to consider. First, as our previous discussion suggests, there are differences in the variation of the error term across groups. Second, income might be endogenous, in which case IV estimation should be used, with the reduced form equation
for income written as:
where Z is the vector of instruments.
In both equations (9) and (10) the errors are formed from three components: u -the random variation of the current income relative to permanent income, ν -the random variation of the reported income relative to actual income, and ε -a white noise error term. As in the food consumption equation, we assume that the residual variance of errors in equation (10) is higher for the underreporting group than for those who report their income correctly.
Following Pissarides and Weber (1989) , the level of underreporting can be calculated based on estimation results from equations (9) and (10). 5 More specifically, the lower and upper bounds of under-reporting are computed as.
where γ and β are coefficients from the structural equation (9), σ ଢ଼ ଶ is the variation in reported incomes, and Covሺuvሻ ୖ is the covariance between u and ν, which is assumed to be zero in the lower bound computations and is estimated in the upper bound calculation.
Method C: Consumption-Income Gap Estimation
The final technique follows Gorodnichenko et al. (2009) 
, with S including job and worker related characteristics as 5 The derivations are based on the assumption that variables k and p do indeed follow a log-normal distribution, and as a result the error terms in equations (10) and (11) follow a normal distribution, which implies that the log of income and log of food consumption also have normal distributions. Tests for normality of these variables (skewness-kurtosis and ShapiroFrancia test), however, do not support this assumption (see Table A6 ). The results should, therefore, be interpreted with caution. 6 For details of derivations refer to the original source and/or contact the authors.
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well as policy measures that influence tax compliance by affecting the desire to hide income.
Secondly, household income is related to permanent income
, where now instead of assuming that p is an unobserved random variable we model it as:
, where W includes life cycle factors (age, employment, number of children, etc.). Finally a household's consumption of non-durables is a portion of its permanent income:
and Z includes various taste shifters (schooling, number of elderly household members, etc.).
Combining these 3 relationships gives the consumption-income gap (in log terms) as:
where X is the union of Z and W. The variables in S include a dummy variable for post-reform observations that captures the effect of the tax reforms on the consumption-income gap and, thereby, reveals any changes in income under-reporting following the reform.
Empirical Methodology and Data
We now turn to the empirical application of all three methods summarized above, in the order of their discussion.
Method A
In order to compute the magnitude of the shadow economy using method A we estimate the following empirical version of the log of equation (1):
where C is total currency in circulation. The first two variables in equation (14) are our proxies for the "tax burden" term (1+ θ) in equation (1), with T/GDP being the share of tax revenues in GDP and W/GDP denoting the share of welfare spending by government in GDP. These two variables reflect the incentives for engaging in shadow economic activity and should be positively associated with total demand for money. We then include log of GDP, which is an important determinant of currency demand because when income increases people demand more currency to support an increased number and size of transactions. The interest rate (R) represents the opportunity cost of holding money and thus affects currency in circulation. As the most appropriate measure we use the annual rate paid on deposits of individuals. In addition to the interest rate, another factor that defines the cost of holding money, namely inflation (π), is included in our estimates.
All variables are measured quarterly, starting from the first quarter of 2000 until the fourth quarter of 2010, making a total of 44 quarters. Table A1 in the Appendix reports summary statistics for each variable together with the source(s) that were used to construct each time series.
To begin the empirical investigation, all series used in estimation of equation (14) were tested for unit roots using Dickey-Fuller and Phillips-Perron tests (columns 2 and 3 in Table A2 in the Appendix). The null hypothesis that the series contains a unit root is rejected only for lnሺ‫ܲܦܩ‬ሻ
For all the other variables, the unit root hypothesis cannot be rejected at a 1% significance level.
However, as Perron (1989) shows, when there is a structural break in a time series, conventional unit root tests are biased toward non-rejection. Perron develops a method that allows unit-root tests that control for the presence of a structural break, given that the time of the break is known. Zivot and Andrews (2002) go further by developing a procedure that determines the time of any break in the series empirically.
Given that during the period under consideration Georgia underwent several major shocks, Since all but 2 of the time series that we rely on follow a unit root process we test whether the series are cointegrated and find that the residuals follow a I(0) process at the 10% level of significance (the test statistics from Augmented Engle-Granger test is -3.71, which is only slightly above the 5% critical level of -3.78, and well below the 10% critical level of -3.5). We can, therefore, estimate equation (14) to capture the long-run relationship between currency in circulation and the right-hand-side variables. Table 2 (column 2) reports the results from this estimation.
In most applications of the currency demand approach, national currency is assumed to be the main mean for transactions. An important feature of the Georgian economy, however, is its high level of dollarization. 7 Hence, we experiment with including a measure of dollarization. Over time, the Georgian Lari (GEL) has been gaining importance in the Georgian economy and relatively more transactions have been conducted in GEL rather than in USD. To the extent that this trend is leading to an increase in the demand for national currency, it might be important to control for the extent of dollarization when estimating the demand for national currency. We use the percentage of bank deposits in dollars as a fraction of all deposits to capture the level of the economy's dollarization. Table 2 (column 3) contains estimates from this extended specification of the model.
We do not find a significant impact on demand for the GEL from the level of dollarization. One problem in the extended regression is the high level of correlation between variables, creating multicollinearity problems (see Table A3 in the Appendix). The variable-pairs that cause the biggest problem are between the log of GDP and tax burden as well as dollarization and tax burden. The result is that the coefficient estimate on the tax burden in the regression is insignificant. Given that the dollarization rate is far from being significant, we focus on the estimates without dollarization. The problem of multicollinearity remains even after dropping dollarization rate (the correlation between tax burden and GDP, for example, is 0.88), however the tax burden variable is now found to be positive and significant. As a RESET test shows, there is no evidence of functional form misspecification in the model reported in column 2 of Table 2 . 8 Continuing with the specification that omits dollarization rate, we fit a model with leads and lags model to test whether the coefficient on log GDP is different from one (indicating a different money velocity in the official and shadow economies) and cannot reject the possibility that money velocity in the two sectors is the same (p-value from the test is 0.16), . We, therefore, apply a simple formula for inferring the size of shadow activity by assuming β=1. for all sample countries. In our case we use macro data for Georgia to directly estimate the size of shadow economy. Also, the time period used in our estimation is more recent, which could further drive the difference between our results and those of Schneider.
The second surprising finding from this method is that the size of the shadow economy in Georgia apparently increases following reform, the opposite of what would be expected given the change in tax system. 
Method B
Our next empirical exercise is estimation of the size of shadow economy following Pissarides and Weber (1989) . We apply this technique using household survey data 11 for Georgia for the years [2003] [2004] [2005] [2006] [2007] . The survey is conducted quarterly and in each quarter some households are replaced by new observations. We merge data for all non-repeat households surveyed in any given year to obtain an extended cross-section sample. This gives us a starting number of more than 5000 households annually. Given that we know the quarter of each observation we use quarter dummies to control for season-specific fluctuations. Also, we use regional dummies to control for area-specific fixed effects.
The main variables in our analysis are monthly food expenditure aggregated from a diary reported by surveyed households on daily basis (see the Appendix for more details on variable construction), and household income calculated from the combined income reported by all household members from all jobs and other regular sources A crucial part of this estimation method is splitting households into two groups, one that is assumed to report both their food expenditure and income correctly and second that assumed to correctly report food expenditure but under-report income. Pissarides and Weber split their sample into self-employed households (defined as those with income from self-employment above 25% of total household income) as the group of under-reporters and employed families (with income from self-employment below 25% of overall income) as the group assumed to report income correctly.
Given that this approach depends on the level of reported income, to the extent reported income is distorted for under-reporters some families will be misclassified. A second problem is that the assumption that all wage and salary earners fully report income is not empirically justified (see Kolm and Nielson (2008) and European Commission (2007)). The implication is that estimating the shadow economy using such a method will be biased downwards although, as discussed above, trends might still be observable. We define the "self-employed" (under-reporting) group as households where the head is either self-employed or is a non-wage laborer. 12 As is common in the literature, we classify households by the type of employment of the head only. (See, for example, Gorodnichenko, (2009) .) In our data this classification is highly correlated with alternatives such as classification according to the status of the highest earning household member. We recognize that it may understate unreported earnings when there are more than one self-employed earner, but as long as the proportion with multiple possible hiders remains constant before and after the tax reform, this will bias the size of our estimates but not the intertemporal pattern.
The following types of employment are reported by survey respondents: Categories 2 and 6 comprise a very small share of the sample (around 1% of individuals) and are omitted from the analysis. Category 4, farmers, is also excluded from the analysis, since households led by a farmer might be consuming a substantial amount of home-grown food, thereby lowering reported cash food expenditures and including these households in the analysis might distort the overall food expenditure pattern.
The share of households of different types in the sample with complete incomeexpenditure data is stable over time. Employed households comprise 41% of the sample, while the
12
A substantial share of households in Georgia has one or more members who report themselves to be non-wage workers in a household enterprise, consequently reporting no income. In most cases those non-wage laborers receive some compensation for their work, and one can, therefore, justify adding these cases to the group of households that are likely to underreport their income.
share of self-employed households is around 16%. Some 13% of households are led by farmers, and the remaining 30% are led by a head who did not report any employment status.
Summary statistics for income and food expenditure for the years under consideration are given in Table A4 . 13 All in all, we end up with an average of 450 complete observations for selfemployed households and 1200 observations for employed households each year.
On average, real food consumption stays the same over time, while real income rises very slowly for the self-employed group and more rapidly for the employed households. The variation in income is higher than that for food expenditure in the beginning of the period and widens by the end of the period studied, mostly due to increased variation in incomes among employed families.
Self-employed households earn less on average than employed households starting from 2005.
This might be due to a sharp increase in salaries for some public jobs 14 that took place after 2005, and also to an improved economic climate that expanded the operation of businesses that hire on the bases of contracts (banking sector, companies with foreign owners, international organizations, etc.). On average, the share of food expenditure in total income is higher for self-employed households, and ranges between 60-70% for various years. The share of food expenditure for employed households is around 72% for 2003 and drops to below 50% in 2007.
Variables in the vector X include the age, gender, education and marital status of the head of the household, and the number of disabled, elderly, children and adults in the households. See Table A5 in the Appendix for variable definitions and summary statistics. Instruments (variables in Z) include ownership of a car and a TV, the head of the household's partner having employment in the previous 3 months, and the partner being self-employed. See the Appendix for details.
Turning to the estimation of the model, we first perform tests for normality of the variables and group-wise heteroskedasticity. We that the assumption that variables are normally distributed generally fails (see Appendix Table A6 ) and that for some years variances for income as well as for food expenditure across groups are not equal. Also, the log of income is tested for endogeneity 13 Approximately half of households led by a self-employed head and one third of households led by an employed head are missing income data. 
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and is found to be such for the last 2 years under consideration (see Table A7 in the Appendix).
Given that there is evidence of heteroskedasticity and endogeneity of income for at least some years, we incorporate a weight correction for unequal variances in our estimations and proceed with IV estimation of the model. Table 3 presents results from model estimation for various years. In Table 4 we present estimates for the key parameters used for calculation of the extent of underreporting. IV estimation with group-wise heteroskedasticity; * -significant at 10%, ** -significant at 5%, *** -significant at 1%; estimation includes year and region fixed effects, which are not reported here. We can see these results more easily in Figure 2 where we plot smoothed, estimated underreporting bounds. Looking at the dynamics of the upper bound, there appears to be a reduction in 2005 in the level of relative underreporting by self-employed families compared to the employed households. The level of underreporting by the self-employed seems to be going back up in the last 2 years under consideration, possibly capturing the fact that some households partially adjusted to the new tax regulations and continue underreporting their income even under the new regime. Looking at the lower-bound levels of underreporting, however, there is no sizable difference between the level of underreporting by different types of households either before or after the reform. Overall, the results from this method suggest some reduction in income underreporting after the tax reform in Georgia, however, given the wide deviation between the lower and upper bound estimates, they are not very conclusive.
Figure 2: Income Underreporting by Self-Employed Relative to Employed Households
While our findings suggest possible changes in the reporting of income by households that coincided with changes in the tax regulation, there are several issues related to the method applied in this section that should be noted.
First, as was mentioned above, certain assumptions (i.e. log-normality of income) that this method builds on are not satisfied by the data. Given that these assumptions are important for the final results, the extent of income underreporting may have been miscalculated.
Second, one has to understand that this method computes the level of underreporting of one group of households relative to a base group that is assumed to fully report their income. If, as discussed above, this latter group also underreports their income (perhaps to a lesser degree than the first group) the extent of underreporting in society as a whole will be understated. Also, a nontrivial share of households has been excluded from the analysis. Although our choice of household types follows previous studies (Pissarides and Weber (1989) ), as is shown below, there is more similarity between employed and self-employed households in Georgia than one would expect in terms of income underreporting, while other types of households seem to stand out as those where underreporting might be a bigger issue. 
Method C
The data for this approach come variables are also common across methods.
14,481, where we exclude households with at least one member reporting a paid job but n earnings. Table A8 in the appendix presents summary statistics for the variables of interest.
The dependent variable in this method is the consumption the log of household consumption minus several alternative definitions of consumption and income. More specifically, we define concept of consumption C1, which includes monthly household expenditure on food and non items (excluding durables) and more extended versions of consump to other households to C1, and C3, which adds purchases of durable goods to C1. As for income, Y1 combines all regular labor and non inflows of funds to Y1, and Y3 expands Appendix for more information about variable definitions.
Using various definitions of consumption and income we bu
Gap2=lnC2-lnY2, and Gap3=lnC3 consumption and income definitions unchanged.
To control for possible shrinking in the consumption we use a post-reform dummy variable, taking results are presented in Table 5 fixed effects (not shown in the table), estimate robust standard errors errors at the regional level.
15 Note that in our context, will usually be less than 30 percent of households, however, reported consumption is greater than reported income, making the gap positive.
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this approach come from the same household survey used in method variables are also common across methods. The starting number of observations we use here is 481, where we exclude households with at least one member reporting a paid job but n in the appendix presents summary statistics for the variables of interest.
The dependent variable in this method is the consumption-income gap, which is defined as log of household consumption minus the log of household income. 15 For robustness, we us definitions of consumption and income. More specifically, we define concept of consumption C1, which includes monthly household expenditure on food and non items (excluding durables) and more extended versions of consumption -C2 which adds payments to other households to C1, and C3, which adds purchases of durable goods to C1. As for income, Y1 combines all regular labor and non-labor types of income; while Y2 adds also non inflows of funds to Y1, and Y3 expands Y1 to include revenues from household production. See the Appendix for more information about variable definitions.
Using various definitions of consumption and income we build Gap1=lnC1 lnY2, and Gap3=lnC3-lnY3. We experimented with other combinations of definitions including the total of all consumption with
To control for possible shrinking in the consumption-income gaps in the post reform dummy variable, taking a value of 1 for the years 2005-2007.
(see Initial Estimations columns). We control for time and region
fixed effects (not shown in the table), estimate robust standard errors, and allow for clustering of will usually be less than , so that is less than one. In some 30 percent of households, however, reported consumption is greater than reported income, making the used in method B. Many
The starting number of observations we use here is 481, where we exclude households with at least one member reporting a paid job but no in the appendix presents summary statistics for the variables of interest.
income gap, which is defined as For robustness, we use definitions of consumption and income. More specifically, we define a narrow concept of consumption C1, which includes monthly household expenditure on food and non-food C2 which adds payments to other households to C1, and C3, which adds purchases of durable goods to C1. As for income, labor types of income; while Y2 adds also non-regular . We control for time and region and allow for clustering of is less than one. In some 30 percent of households, however, reported consumption is greater than reported income, making the The size of the consumption-income gap is significantly lower in the post-reform years. The average width of the gap (Gap 1) in pre-reform years was 1.14, which, on average, corresponds to consumption being roughly three 3 times reported income. 16 The estimated coefficient of -0.34 on the post-reform dummy suggests a 30% reduction in Gap1. This reduction corresponds to consumption being only twice reported income on average in the post-reform period.
To better understand how different types of households adjusted to the tax reform, we introduce several interaction terms where the type of the household is multiplied by the post-reform dummy. In essence, we allow the post-reform adjustment to be different across various types of households. Results are reported in the last 3 columns of Table 5 . Recall that households are classified by the employment status of their head including those who are employed (on a contract), self-employed (including households with members who work without pay), farmers, and finally households led by a head who does not belong to any of the above categories. This last group is used as the base or reference category.
In the pre-reform period employed and self-employed households had the lowest discrepancy between consumption and income levels. Households with a non-paid head follow, while households headed by farmers and the rest of the sample have the highest level of discrepancy (hence, the highest implied underreporting of income). The gap post reform significantly decreases for reference group of non-classified households as can be seen from the estimate on the post-reform dummy. It decreases even further for farm households, where the effect is pretty much double that for non-classified households. To give an idea about the size of the adjustment estimated for farm households, we note that the consumption level for this group in the pre-reform period is six times the reported income while post-reform it is only twice as large.
Finally, we note that the estimates for the self-employed and employed household interaction terms completely cancel out the after-reform effect, indicating that these two groups experienced the smallest adjustment in their (already low) gap between consumption and income.
The similarity of the employed and self-employed groups before the reform combined with their
16
In pre-reform years the average value of the consumption-income gap is LnC-lnY=ln(C/Y)=1.14, so C/Y=exp(1.14)=3.13, approximately. In post-reform years the size of the gap, other things being constant, is reduced by 0.34, so lnC-lnY=0.8 and C/Y can be approximated as exp(0.8)=2.23. similar adjustment to the reform can explain why the lower bound in Method B did not capture relatively greater underreporting among the self-employed. Gorodnichenko et al. (2009) discuss and dismiss the possibility of previously accumulated assets and dis-savings being used to finance households' consumption-income gap, arguing that by the mid-1990s the value of accumulate assets was very low and if the observed consumptionincome gap were due to dis-savings, it would require a huge reduction in assets that would be impossible to sustain for such a long time period. Given that Georgia experienced a much deeper recession in the beginning of its transition than even Russia (as well as extensive anecdotal evidence), we believe that the availability of financial assets to Georgian households in the period case, they document a decrease in the consumption-income gap following the tax reform. They also try to separate the pure effect of the change in tax rates on the size of Russian shadow economy from the effect of other changes, including stricter tax enforcement, on income underreporting. To do so they use the fact that some households that had low pre-reform income, and were already subject to the lowest tax rate of 13% should not be affected by the reform. On the other hand, households with income above the 13% threshold would be subject to higher tax rates in the pre-reform years and would shift to the lower level of flat tax in post reform years.
Hence, the authors treat this group as the treatment group. They find a reduction in the consumption-income gap for the treatment group in post-reform years, which they attribute to the change in the tax rate and not the level of enforcement (because the latter would affect both control and treatment households).
We try a similar exercise for Georgia, where we categorize households where the head of household is earning more than 200 GEL -the cutoff point for the higher tax bracket in the prereform period, as the treatment group, and those with a head earning less than 200 GEL as the control group. We repeat the regressions with the before/after dummy variable and add a dummy variable that takes value 1 for our treatment group, as well as an interaction variable between the period after reform and being in the treatment group to check if adjustment in the consumptionincome gap differs across the treatment and control groups. Our findings (the key coefficient estimates are summarized in Table 6 ) indicate that households in the treatment group have a smaller consumption-income gap compared to those in the control group, after we control for the observed characteristics of the household and its head (not shown in the Table) . The control group seems to improve its income reporting in the years following the reform (the gap is significantly smaller for this group in the after-reform period). Compared to this group, the treatment group shows much smaller adjustment to the reform: the coefficient estimate on the treatment*after interaction term is positive, reducing the overall change in the gap in post-reform period. The treatment group was subject to a change in the tax rate (they were subject to tax of up to 20% before the reform and are only facing a 12 percent rate in the post reform period) as well as stricter tax enforcement, while the control group has been subject to change in tax enforcement only. These findings suggest an issue of endogeneity, whereby households fell into the "control" group because they were hiding income prior to the reform. It could be that in Georgia the shift to flat tax by itself did not lead to a reduction in underreporting of income. Rather the change that we document in income reporting may be mostly due to better enforcement of tax regulations. We would like to point out, however, an important difference between the work by Gorodnichenko et al.
and our estimation. While Gorodnichenko et al. rely on panel data, which allows controlling for household-specific fixed effects, we have to work with an independent random cross-section of households in each year, and hence, cannot control for unobserved household heterogeneity.
Another thing that is worth noting here (and in the paper by Gorodnichenko et al.) is that there were many other changes happening in Georgia (and in Russia) during the years under consideration. To the extent these changes led to adjustments in consumption-income behavior of the households we would confine their effect with that of the change in tax regulation. We believe, however, that the tax regulation was the most important change that affected income of most households and had a strong and direct impact on their consumption-income behavior. Another potentially big shock for the households was a drastic change in the labor code, but this took place only after 2006 and would probably require a longer period for adjustments in behavior since it had to first pass through the institutional framework of the labor market.
Conclusions
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This paper applies 3 different methods widely used in the literature to track changes in shadow economic activity in Georgia following a tax level and enforcement reform in 2005. The first method is based on currency demand. Using this method we do not find a significant relationship between the tax burden and the demand for currency, used as an indirect measure of shadow economic activity. This is likely due to a high degree of correlation between important variables combined with a relatively short time series. In future work it will be interesting to try other measures of the tax burden or extend the time period to see if one can better capture evidence of the demand for cash for use in the shadow economy.
We then turn to micro data from large-scale household surveys to study the level of underreporting by different types of households and how this level changes over time. Using a food consumption function we estimate how much income is needed to support a given level of consumption by a group of families that are believed to fully report their income and use this information to gauge by how much the true income needs to be above the reported income for households assumed to underreport income to support their reported consumption. We find that the level of underreporting of the latter group goes down in 2005, but then rebounds. Limitations of this approach include relying on unsupported assumptions about the behavior of the variables and discarding many interesting types of households.
Finally, we look at the consumption-income gap for households as a mechanism for capturing income underreporting by certain types of households. Given that consumption patterns show limited variation over time, changes in the size of this gap are mostly due to changes in reported income, which are in turn affected by the tax system. We find strong evidence indicating that the size of the gap decreased in the years following reform, even after we control for yearspecific changes. The biggest reduction in the gap occurs among households headed by a farmer, followed by households where the head does not report any working status. Employed and selfemployed households, on the other hand, appear to be very similar in their consumption income pattern before the tax reform and to have a similar reaction to the reform. Both groups show a minimal change in their consumption-income gap post-reform.
In summary, the methods that make the best use of the limited available data suggest that while the flat tax reform in Georgia may have contributed to an increase in the extent of income reporting, this effect varies across employment types and may well be due to simultaneous increases in enforcement activities. We use GDP at market prices denominated in millions of current GEL. The data are from the National Statistics Office of Georgia, http://geostat.ge/index.php?action=page&p_id=119&lang=eng
Appendix
Our first best for option for data on tax/regulatory burden would be data on tax revenues and social contributions collected by the government. Unfortunately, consolidated budget of the government reported by the Ministry of Finance of Georgia that reports these two variables is only available from 2006-on (see http://www.mof.ge/StatisticBudget). So, our measure of tax burden relies on 1) data on taxes form products reported in GDP by categories of use. Source is the National Statistics Office of Georgia (http://geostat.ge/index.php?action=page&p_id=119&lang=eng). We take the share of taxes for products over GDP is our first measure of tax burden. 2) In addition we measure the size of social contributions (welfare spending) by the government which is closely related to the collected social contributions (the correlation coefficient between the two is 0.8 for period 2000-2008. In 2008 the social tax was added to the income tax, so the line on collected social contributions becomes zero. If we had data on total tax, which includes income tax, it would pick up this change. Since we have to use tax on goods and services, we keep the size of government contributions that will continue capturing the portion of the tax burden that used to come from social tax). Data on social contributions have been requested from the Ministry of Finance. Hence, the share of welfare spending over GDP is used as our second measure of tax burden.
As our measure of inflation we use the Consumer Price Index, growth rate over the same period of previous year. Tax Rurden Number income from self-employment, bonus and other non-regular payments; reported for the last 3 months from the date of the interview.
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The survey asks for gross as well as net amounts, however data are almost identical for net and gross columns or is simply missing in one of them b) Monthly income from social transfers (social aid, pensions, government grants and scholarships, disability and unemployment payments, etc.);reported for the last 3 months from the date of the interview. c) Income from sale of property, inheritance of property, late payments for work conducted earlier or property given away earlier; reported on quarterly bases (when aggregating these amounts into monthly household income we take 1/3 of reported amounts). d) Income received as gifts for special events (i.e. weddings, birthdays, etc.);reported for the last 3 months from the date of the interview. e) Income from remittances; reported on quarterly bases (when aggregating these amounts into monthly household income we take 1/3 of reported amounts). f) Monthly revenue (in GEL) from selling harvest, home-made products, animals, animal products, home-made animal products; reported for the last 3 months from the date of the interview.
Alternative definitions of aggregate income that we use in the paper include:
Y1 -regular portion of labor and non-labor income, income from social transfers (categories a and b and part of c) Y2 -Y1 plus income from irregular sources (remaining part of c, and categories d and e) Y3 -Y1 plus revenues from farming activities (category f) All income and consumption variables are converted to 2005 Q1 price level using Georgian quarterly CPI series from the National Bank of Georgia.
